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Abstract 


The family Deuterophlebiidae 1s considered the most plesiomorphic Diptera family, with striking morphology and life history. In this 
study, we provide detailed descriptions and figures of two new species from Southwestern China: Deuterophlebia pseudopoda sp. 
nov. and Deuterophlebia pachychaeta sp. nov., along with genetic distances of COI sequences between the seven known Chinese 
species of Deuterophlebia Edwards, 1922. The two new species can be identified by the adults’ male terminalia, head structures, male 
and female antennae and mesothoracic spines or abdominal projections of the pupae. As a result, China is currently the country with 


the highest Deuterophlebia species diversity. 
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Introduction 


Deuterophlebiidae (or mountain midge) is a monotypic 
family in the order Diptera. Members of this family show 
unique morphology and living habits. In contrast to other 
dipteran groups, the larvae of Deuterophlebia Edwards, 
1922 have paired pseudopodia and live in torrent streams; 
adults mate at sunrise, male adults die immediately after 
mating, while females shed their wings, go back to the wa- 
ter and lay eggs (Courtney 1989; Zheng et al. 2022). This 
kind of specialized taxon and its living history has attract- 
ed more and more attention and studies in recent years. 

The biogeographic and phylogenetic status of the fam- 
ily is still enigmatic (Courtney 1994; Zheng et al. 2022). 
In the latest phylogenetic topology based on mitochon- 
drial sequences, Deuterophlebiidae was considered the 
earliest branching lineage of Diptera, a sister group of 
all other dipterans (Zhang et al. 2022). This result differs 
from previous inferences, which usually consider Bleph- 
ariceridae and Deuterophlebiidae as sister groups (Court- 
ney 1991). Obviously, many questions are still waiting 
for answers in the systematic study of this family. 


Up to 2022, there were 14 named species tn this fami- 
ly, eight species reported from the Palearctic Region (Ki- 
takami 1938; Jedli¢ka and HalgoS 1981; Courtney 1994; 
Sofi et al. 2020) and six from the Nearctic realm (Pennak 
1945, 1951; Shewell 1954; Kennedy 1958, 1960; Court- 
ney 1989, 1990). China was a blank area in the distribu- 
tion maps (Courtney 1994). In 2022, five species were 
reported from Southwestern and Eastern China, bringing 
some new insights into the diversity and biogeography 
of Deuterophlebiidae (Zheng et al. 2022). Encouraged 
by that, extensive investigations were carried out, and 
it was hypothesized that China is possibly the center of 
the diversity of Deuterophlebiidae. More studies on these 
Chinese species can provide more information on their 
evolution and dispersal. 

During a trip in Yunnan Province of southwestern Chi- 
na, some Deuterophlebia adults and pupae were collected. 
After careful examination, they were recognized as two 
new species. We presented detailed images of their adults 
and pupae, described them in detail and compare them with 
the known species using COI and morphological charac- 
ters, including some that have not been mentioned before. 
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Materials and methods 


Pupae were hand-picked from the surface of stones un- 
derwater. Adults were found floating nearby the banks of 
creeks. Specimens were examined under a stereomicro- 
scope (Nikon SMZ 745T). Habitus of pupae and adults 
were photographed using a SONY a7R II camera with a 
LAOWA 25 mm 5x macro lens. Details of heads and legs 
were studied by dissection and treatment in 10% NaOH 
(30 °C, 30 min), observed and photographed with a cam- 
era (Nikon 501) coupled on a microscope. Terminology 
mainly follows that of Courtney (1994). All specimens 
were preserved in 85% ethanol and deposited in the Dip- 
tera collection of College of Life Sciences, Nanjing Nor- 
mal University and School of Grain Science and Technol- 
ogy, Jiangsu University of Science and Technology. 

To associate the pupae and winged stages, total genom- 
ic DNA was extracted from the abdomen of specimens 
using Animal Genomic DNA Kit (TsingKe Biotech Co., 
Bejing, China). The mitochondrial gene cytochrome c 
oxidase subunit I fragment was PCR-amplified using the 
Premix Tag (Takara Bio Inc., Beijing, China) with forward 
primer LCO1490 (5’°-GGTCAACAAATCATAAAGA- 
TATTGG-3’) and reverse primer HCO2198 (5’-TA- 
AACTTCAGGGTGACCAAAAAATCA-3’) (Folmer et 
al. 1994). PCR conditions included initial denaturation at 
94 °C for 5 min, 40 cycles of denaturation at 94 °C for 30 
s, annealing at 50 °C for 30 s, and extension at 72 °C for 
40 s, with a final extension at 72 °C for 10 min (Zheng et 
al. 2022). Sequences were aligned using Muscle, and the 
K2P genetic distances were estimated in MEGA11 (Ta- 
mura et al. 2021). The intraspecific genetic distances were 
lower than 0.01. The sequence of each species has been 
uploaded to GenBank (Table 1) with the same specimen 
information as for the holotype of each species. 


Table 1. GenBank accession numbers of COI sequences used 
in this research. 


Species GenBank Accession Number 
D. sinensis Zheng et al., 2022 ON637906 
D. yunnanensis Zheng et al., 2022 ON637909 
D. alatus Zheng et al., 2022 ON637916 
D. acutirhina Zheng et al., 2022 ON637914 
D. wuyiensis Zheng et al., 2022 ON637910 


D. pseudopoda sp. nov. OR064529 (this study) 


D. pachychaeta sp. nov. OR064528 (this study) 


Results 


Deuterophlebia pseudopoda sp. nov. 
https://zoobank.org/E1B5D9F5-9797-4350-8 1 5F-197CEBE47826 


Description. Male adults. Body length ca. 2.2-2.6 mm 
(n=5), uniformly brownish black (Fig. 1). Head brownish 
black, flattened, nearly trapezoidal, width ca. 0.50 mm, 
folded backward under thorax, hidden in dorsal view 
(Fig. 1). Head densely covered with microtrichia. Median 
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Figure 1. Male adult of D. pseudopoda sp. nov. Scale bar: 1.0 mm. 


clypeal lobe slightly convex, semicircle shaped, with 
around 20 sharp setae (Fig. 2A). Mouthparts in form of 
an invaginated tubule, oral region depressed (Fig. 2A, B). 
Edges of oral region (or mouth opening) ridged, convex 
medially on ventral ridge, forming a blunt mental tooth 
(Fig. 2A, B). Postgena and oral region with sparser mi- 
crotrichia than other regions, a pair of tentorial pits pres- 
ent on each side of oral region (Fig. 2A, B). Compound 
eyes glabrous, width ca. 0.18 mm, distance between eyes 
ca. 0.30 mm (Fig. 2A). 

Antennae 8.5—10.0 mm (n=5) (Fig. 2A, C). Scape oval 
shaped, pedicel globular, both covered with microtrich- 
ia (Fig. 2A, C). Flagella four segmented, flagellomeres 
I-III slender cylindrical, each with a subapical tubercle 
on front margin, bearing 9-12, 6-9 and 4-6 digitiform 
setae respectively (Fig. 2C). Flagellomere IV flattened 
and elongated, broader than flagellomeres I-HI, narrowed 
gradually, with curved hair-like setae on the anterior side 
of basal half, apical half generally glabrous but bear- 
ing 4—5 clusters of curved hair-like setae, apex slightly 
expanded with some curved hair-like setae (Fig. 2C). 
Antennal ratio: 4.0: 2.0: 5.0: 3.0: 3.0: 238.0 (Figs 1, 2C). 
Flagellomere IV about 14 combined length of five basal 
antennal articles or about 4x body length (Fig. 1). 

Thorax uniformly brownish black, densely covered 
with microtrichia (Fig. 1). Pronotum almost hidden, me- 
sonotum strongly expanded (Fig. 1). Wings ca. 4.0 mm, 
uniformly set with dark micro-tubercles, grayish translu- 
cent, cubital area greatly enlarged, costal margin slightly 
thickened (Fig. 1). Outer margin fringed with soft hair- 
like setae, denser and longer on cubital margin (Fig. 1). 
Veins radially arranged, pale and inconspicuous (Fig. 1). 
Halteres transparent, ca. 0.35 mm (Fig. 1). 

Legs brownish black, slender, sharing similar chaeto- 
taxy with four types of setae: (1) microtrichia, densely 
covered on all segments; (2) sharp macrotrichia, sparsely 
on dorsal margin of femora and tibiae; (3) long capitate 
setae, ventrally on tarsomeres I-IV of each leg, distal half 
of ventral edge of all tibiae, surrounding the top of fore- 
and midtibiae, and also densely arranged radially on each 
empodium; (4) digitiform setae, 1-3 pairs for each tar- 
somere (Fig. 2D-—F). In all legs, coxae much broader than 
trochanters, coxae about twice the length of trochanters 
(Fig. 2D-F). In foreleg, femur: tibia: tarsus = 9.0: 14.0: 
14.0; femur slightly flattened, tibia slender, cylindrical, 
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Figure 2. Male adult of D. pseudopoda sp. nov.: A. Head (ventral view); B. Oral region (ventral view); C. Flagellomeres; D. Foreleg; 
E. Midleg; F. hindleg; G. Terminalia (dorsal view). Abbreviations: cp, median clypeal lobe; pd, pedicel; fl, flagellomere; or, oral 
region; mt, mental tooth; pg, postgena; co, coxa; tr, trochanter; fe, femur; tb, tibia; ts, tarsomere; em, empodium; dp, dorsal plate; 
gc, gonocoxite; gs, gonostylus; ad, aedeagus. Scale bars: 0.1 mm (A, C, G); 0.05 mm (B); 0.5 mm (D-F). 
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and gradually broader apically; tarsomere I: II: III: IV: 
V = 64: 2.3: 1.4: 1.4: 1.0, tarsomeres I-IV cylindrical, 
tarsomere V conical; empodium shell-shaped, length sub- 
equal to tarsomere V; claw slender, tapered, shorter than 
empodium (Fig. 2D). Midleg shortest among all legs, sim- 
ilar to foreleg, femur: tibia: tarsus = 8.0: 10.5: 12.0, tar- 
somere I: IT: If: IV: V=6.0: 1.9: 1.1: 1.1: 1.0 (Fig. 2E). In 
hindleg, femur: tibia: tarsus of hindleg = 10.0: 13.5: 10.0, 
tarsomere T: Il: II: TV: V = 3.5: 1.5:.1.2: 1.2: 1.0 Fig. 2F). 

Abdomen brownish black, densely covered with mi- 
crotrichia, nine segmented, tapering posteriorly (Fig. 1). 
First two segments strongly fused with each other, paler 
and shorter than others (Fig. 1). Segment VII in form ofa 
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short chitin ring (Fig. 1). Sternite IX almost glabrous, fused 
with dorsal plate, connected with gonocoxite (Fig. 2G). 
Gonocoxite with posterior projection which length sub- 
equal to gonostylus (Fig. 2G). Gonostylus subequal to the 
dorsal plate in length, flattened, oval-shaped, flexor sur- 
face with numerous curved sharp setae (Fig. 2G). Dorsal 
plate parallel-sided, posterior margin slightly depressed 
without cleft with some stout curved setae on margin 
(Fig. 2G). Aedeagus in form of a smooth tube, length sub- 
equal to gonostylus and dorsal plate (Fig. 2G). 

Female adult. Body length ca. 2.0 mm (n= 1). Besides 
sexual differences, generally similar to the males except 
following features (Fig. 3A—D). 


B C 
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Figure 3. Female adult of D. pseudopoda sp. nov.: A. Head (ventral view); B. Foreleg; C. Midleg; D. Hindleg. Scale bars: 0.1 mm. 
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Head width ca. 0.36 mm (Fig. 3A). Median clypeal lobe 
strongly protruded medially with ca. 20 setae (Fig. 3A). 
Oral region located near anterior margin of head (Fig. 3A). 
Compound eyes more prominent than males (Fig. 3A). 
Antenna ca. 0.3 mm. Scape slender oval shaped, pedicel 
globular, both scape and pedicel covered with microtri- 
chia and bearing several sharp setae (Fig. 3A). Flagel- 
lomere I slender cylindrical, flagellomeres II-III slender 
oval shaped, flagellomere IV dripping shaped, strongly 
narrowed basally (Fig. 3A). Each of flagellomeres J-III 
bearing ca. 5 digitiform setae apically, flagellomere IV 
with 4 sharp setae. Antennal ratio ca. 7.0: 3.0: 10.0: 4.0: 
5.0: 4.0 (Fig. 3A). 


3911 


Legs sharing similar chaetotaxy and exhibiting three 
types of setae, chaetotaxy similar to males but without 
capitate setae (Fig. 3B—D). In foreleg and midleg, femur: 
tibia: tarsus = 1.0: 2.0: 1.3, tarsomere I: II: HI: ['V: V = 
1.0: 0.8: 0.8: 0.8: 2.4. (Fig. 3B, C) In hindleg, femur: 
tibia: tarsus = 1.0: 1.7: 1.1, tarsomere I: II: HW: 1'V: V = 
1.0: 0.9: 0.9: 0.9: 2.7 (Fig. 3D). Claws of all legs similar, 
paired, stout and curved, with a blunt protrusion in the 
middle (Fig. 3B—D). Empodium in form of a long and 
hairy spine, subequal to the length of claw (Fig. 3B—D). 

Male pupae. Pupae flattened oval shaped, length 
2.3 mm (n = 2), width 1.6 mm. Dorsal integument dark 
brown, divided into 11 segments (Fig. 4A, B). 


D 


Figure 4. Pupae of D. pseudopoda sp. nov.: A. Male pupa (dorsal view); B. Male pupa (ventral view); C. Female pupa (dorsal view); 


D. Female pupa (ventral view). Scale bars: 1.0 mm. 
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Figure 5. Pupa of D. pseudopoda sp. nov.: A. Thoracic spine (dorsal view); B. Gill (ventral view); C. Posterior end (ventral view). 


Abbreviation: pp, posterolateral projections. Scale bars: 0.1 mm. 


Prothorax fused with mesothorax, forming a conical 
segment with a median suture (Fig. 4A, B). Mesotho- 
racic lateral margins each with a sharp spine and a gill 
(Figs 4A, B, 5A, B). Spines ca. 0.4 mm, slightly curved, 
dark brown, originated from a round base (Fig. 5A, B). 
Ventral gills light to dark brown, length subequal to the dor- 
sal spines, hand-shaped and consisting of three filaments: 
posterior filament shorter, pointing backward; anterior 
two filaments similar in shape, twisted and light in color 
apically (Fig. 5A, B). Metathorax completely surround- 
ed by mesothorax and first abdominal segment (Fig. 4A, 
B). Abdominal segments J-II with a pair of anterolateral 
projections, each projection pointing forward and bearing 
ca. 13 spines (Fig. 4A, B). Segments VI—VII with a pair 
of posterolateral projections, projections foot-shaped and 
each bearing ca. 8 spines (Fig. SC). Segment VIII shield- 
shaped, surrounded by segments VII and IX (Fig. 4A, B). 

Adult structures visible on ventral side (Fig. 4A, 
B). Head present directly below mesothorax; anten- 
nal sheaths in form of a large elliptic ring, surrounding 
body 2.0 times (Fig. 4A, B). Leg sacs extended to pos- 
terior end of antennal ring, strongly expanded apically. 
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Abdominal segments IN—V with a pair of black adhesive 
discs (Fig. 4A, B). 

Female pupae. Length ca. 2.2 mm (n = 2), width ca. 
1.5 mm (Fig. 4C, D). Dorsal morphology similar to male 
except for smaller mesothorax (Fig. 4C, D). Gender can 
be identified through the absence of antennal ring, apex 
of female leg sheaths not expanded (Fig. 4C, D). 

Material examined. Holotype: male adult, China: 
Yunnan Province, Gongshan County, Dulongjiang Town- 
ship, Dulongjiang River, 27°50'14.16"N, 98°19'54.2"E, 
1470 ma.s.1., 4.11.2023, Xuhongyi Zheng leg. Paratypes: 
6 male adults, 1 female adult, 2 male pupae, 2 female 
pupae, same locality and data as holotype. 

Diagnosis. Male adults of Deuterophlebia pseudopo- 
da sp. nov. can be identified by their terminalia: gonosty- 
lus short, length of gonostylus subequal to the gonocoxite 
and dorsal plate; posterior margin of dorsal plate slightly 
depressed but without a median cleft (Fig. 2G). Such a 
terminalia differs from the 19 named Deuterophlebia spe- 
cies (Courtney 1990, 1994; Zheng et al. 2022). The shape 
of their heads is also distinct among known species: me- 
dian clypeal lobe slightly convex, inner side of compound 
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eye without a protruded corner (Fig. 2A) (Courtney 1990, 
1994; Zheng et al. 2022). 

Female adults of D. pseudopoda sp. nov. can be recog- 
nized through a combination of the pronounced median 
clypeal lobe, chaetotaxy of antennae, and shape of flagel- 
la (Fig. 3A). Compared to other species, its pronounced 
median clypeal lobe is similar to D. oporina Courtney, 
1994 and D. nipponica Kitakami, 1938, but can be dif- 
ferentiated from them by its antenna: flagellomeres I-III 
bearing ca. 5 digitiform setae respectively, flagellomere 
IV with only 4 sharp setae, antennal ratio = 7.0: 3.0: 10.0: 
4.0: 5.0: 4.0 (Courtney 1990, 1994; Zheng et al. 2022). 

Pupae can be easily identified by their foot-shaped 
posterolateral projections of abdominal segments VI-— 
VII (Fig. 5C). This feature is absent in the 15 species 
with clear pupal stage (Courtney 1990, 1994; Zheng et 
al. 2022). They can also be separated from other spe- 
cies by their single mesothoracic spines, gills consisting 
of three filaments, and absence of conspicuous thoracic 
ridges (Figs 4A—D, 5A, B) (Courtney 1990, 1994; Zheng 
etal 2022): 

Etymology. The specific epithet “pseudopoda” means 
“pseudopodia”, refers to the pseudopodia-like lateral pro- 
jections of pupal abdominal segments VI—VII. 

Distribution. China (Yunnan Province). 


Deuterophlebia pachychaeta sp. nov. 
https://zoobank. org/99503019-F78C-49B5-B602-8CE1D53BD96A 


Description. Male adults. Body length ca. 3.0 mm (n 
= 2), uniformly brownish black. Head brownish black, 
flattened and nearly trapezoidal, width ca. 0.50 mm 
(Fig. 6A). Head densely covered with microtrichia. Me- 
dian clypeal lobe slightly convex, semicircle shaped with 
around 20 sharp setae (Fig. 6A). Mouthparts in form of 
an invaginated tubule, oral region depressed (Fig. 6A, B). 
Edges of oral region (or mouth opening) ridged, forming 
a protruded angle on inner side of each eye (Fig. 6A, B). 
Ventral ridge of oral region convex medially and form- 
ing a blunt mental tooth (Fig. 6A, B). Postgena and oral 
region with microtrichia but more sparse than other re- 
gions, a pair of tentorial pits present on each side of oral 
region (Fig. 6A, B). Compound eyes glabrous, width ca. 
0.13 mm, distance between eyes ca. 0.30 mm (Fig. 6A). 

Antennae ca. 13.0 mm (n=5) (Fig. 6A, C). Scape oval 
shaped, pedicel globular, both scape and pedicel covered 
with microtrichia (Fig. 6A, C). Flagella four segmented, 
flagellomeres I-III slender cylindrical, each with a sub- 
apical tubercle on front margin and bearing 8-10 digiti- 
form setae (Fig. 6C). Flagellomere IV flattened and elon- 
gated, with curved hair-like setae on the anterior side of 
basal half, apical half generally glabrous but bearing 4—5 
clusters of curved hair-like setae, apex slightly expanded 
with some curved hair-like setae (Fig. 6C). Antennal ratio 
ca. 4.0: 2.0: 5.0: 3.0: 3.0: 287.0, flagellomere IV about 
17x combined length of five basal antennal articles or 
about 4x body length (Fig. 6C). 
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Thorax brownish black, densely covered with mi- 
crotrichia. Mesonotum strongly expanded. Wings ca. 
5.5 mm, shape, venation and other features similar to 
D. pseudopoda sp. nov. (Fig. 1). 

Legs brownish black, slender, three pairs sharing sim- 
ilar chaetotaxy exhibiting four types of setae: (1) micro- 
trichia, densely covered on all segments; (2) sharp mac- 
rotrichia, sparsely on dorsal margin of femora and tibiae; 
(3) long capitate setae, on ventral side of tarsomere I-IV 
of each leg, distal half of ventral edge of all tibiae, sur- 
rounding the top of fore- and midtibiae, and also densely 
arranged radially on each empodium; (4) digitiform se- 
tae, 1-3 pairs for each tarsomere (Fig. 6D-F). In fore- 
leg, femur: tibia: tarsus = 11.0: 17.0: 16.0; femur slightly 
flattened, tibia slender cylindrical and gradually broader 
apically; tarsomere I: II: HI: IV: V = 8.5: 2.0: 2.0: 1.5: 
0.8, tarsomeres I-IV cylindrical, tarsomere V conical; 
empodium shell-shaped, length subequal to tarsomere V; 
claw slender tapered, shorter than empodium (Fig. 2B) 
(Fig. 6D). Midleg shortest among all legs, features gen- 
erally similar to foreleg, femur: tibia: tarsus = 10.0: 12.5: 
14.0, tarsomere I: I: TI: IV: V = 8.5: 2.0: 2.0: 1.5: 0.8 
(Fig. 6E). In hindleg, femur: tibia: tarsus of hindleg = 
14.0: 17.0: 11.0, tarsomere I: II: III: IV: V = 3.0: 2.0: 2.0: 
1.5: 0.8 (Fig. 6F). 

Abdomen brownish black, densely covered with mi- 
crotrichia, nine segmented, tapering posteriorly. Segment 
VIII in form of a short chitin ring, sternite [IX almost 
glabrous, connected with dorsal plate and gonocoxite 
(Fig. 6G). Gonocoxite with posterior projection ca. 1/2 
length of gonostylus (Fig. 6G). Gonostylus subequal dor- 
sal plate, flattened, slender oval shaped, flexor surface 
with numerous curved sharp setae (Fig. 6G). Dorsal plate 
parallel-sided, posterior margin slightly depressed with a 
median cleft and some stout setae on margin (Fig. 6G). 
Aedeagus in form of a smooth tube, length subequal to 
gonostylus, longer than dorsal plate (Fig. 6G). 

Female adult. Body length ca. 2.3 mm (n= 1). Besides 
sexual differences, generally similar to the males except 
following features (Fig. 7A—D). 

Head width ca. 0.40 mm (Fig. 7A). Median clypeal 
lobe slightly convex with ca. 20 setae (Fig. 7A). Oral re- 
gion located near anterior margin of head, postgena and 
oral region with microtrichia but more sparse than other 
regions (Fig. 7A). Compound eyes more prominent than 
males (Fig. 7A). Antenna ca. 0.3 mm. Scape slender oval- 
shaped, pedicel globular, both scape and pedicel covered 
with microtrichia with several sharp setae (Fig. 7A). 
Flagellomere I slender cylindrical, flagellomeres H-III 
slender oval shaped, flagellomere IV dripping shaped 
(Fig. 7A). Flagellomeres I-IV bearing 2, 4, 10 and 2 dig- 
itiform setae apically respectively, flagellomere IJ-I'V 
with 1 and 4 sharp setae respectively (Fig. 7A). Antennal 
ratio = 7.0: 4.0: 10.0: 5.0: 5.0: 4.0 (Fig. 7A). 

Legs sharing similar chaetotaxy and exhibiting three 
types of setae, chaetotaxy similar to males but without 
capitate setae (Fig. 7B—D). In all legs, coxae about twice 
longer and broader than trochanters, femora slightly 
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Figure 6. Male adult of D. pachychaeta sp. nov.: A. Head (ventral view); B. Oral region (ventral view); C. Flagellomeres; D. Foreleg; 
E. Midleg; F. Hindleg; G. Terminalia (dorsal view). Scale bars: 0.1 mm (A, C, G); 0.05 mm (B); 0.5 mm (D-F). 
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Figure 7. Female adult of D. pachychaeta sp. nov.: A. Head (ventral view); B. Foreleg; C. Midleg; D. Hindleg. Scale bars: 0.1 mm. 
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flattened, tibiae and tarsomeres slender cylindrical 
(Fig. 7B—D). In foreleg and midleg, femur: tibia: tarsus 
= 1.0: 2.0: 1.5, tarsomere I: II: Ill: IV: V = 1.2: 0.8: 0.8: 
0.8: 2.4 (Fig. 7B, C). In hindleg, femur: tibia: tarsus = 
1.0: 1.7: 1.1, tarsomere I: II: III: 1V: V = 1.0: 0.8: 0.8: 0.8: 
2.4 (Fig. 7D). Claws of all legs similar, paired, stout and 
curved, with a blunt protrusion in the middle (Fig. 7B—D). 
Empodium in form of a long and hairy spine, subequal to 
the length of claw (Fig. 7B—D). 


Male pupae. Pupae flattened oval shaped, length 
2.8 mm (n= 2), width 2.0 mm (Fig. 8A, B). Dorsal integ- 
ument dark brown, divided into 11 segments (Fig. 8A, B). 

Prothorax fused with mesothorax, forming a conical 
segment with a median suture (Fig. 8A, B). Mesothoracic 
lateral margins each with a pair of sharp spines and a gill 
(Figs 8A, B, 9A, B). Spines ca. 0.4 mm, expanded basally, 
slightly curved, dark brown, originated from a round base 
(Fig. 9A). Ventral gills light to dark brown, length subequal 
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Figure 8. Pupae of D. pachychaeta sp. nov.: A. Male pupa (dorsal view); B. Male pupa (ventral view); C. Female pupa (dorsal 


view); D. Female pupa (ventral view). Scale bars: 1.0 mm. 
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Figure 9. Male pupa of D. pachychaeta sp. nov.: A. Thoracic spine (dorsal view); B. Gill (ventral view). Scale bar: 0.1 mm. 


to the dorsal spines, each including four filaments: poste- 
rior filament single and short, pointing backward; anterior 
three gill filaments on a common base, similar in shape, 
slender and twisted; second and third filaments fused at 
base (Fig. 9B). Metathorax completely surrounded by me- 
sothorax and first abdominal segment (Fig. 8A, B). 

Abdominal segment I and II similar, each with a pair 
of anterolateral projections, each projection pointing for- 
ward and bearing ca. 18 spines (Fig. 8A, B). Lateral mar- 
gins of segments VI and VII with several spines on both 
dorsal and ventral sides. Segment VIII shield-shaped, 
surrounded by segments VII and IX (Fig. 8A, B). 

Adult structures visible on ventral side (Fig. 8B). Head 
present below mesothorax; antennal sheaths in form of a 
large elliptic ring, surrounding body 2.0 times (Fig. 8B). 
Leg sacs extended to posterior end of antennal ring, 
strongly expanded apically. Abdominal segments III—V 
each with a pair of black adhesive discs (Fig. 8B). 

Female pupae. Length ca. 2.8 mm (n = 1), width ca. 
2.0 mm (Fig. 8C, D). Dorsal morphology similar to male 
except for smaller mesothorax (Fig. 8C, D). Gender can 
be identified through the absence of antennal ring, apex 
of female leg sheaths not expanded (Fig. 8C, D). 

Material examined. Holotype: male adult, China: Yun- 
nan Province, Nujiang Lisu Autonomous Prefecture, Gong- 
shan County, Dulongjiang Township, Dulongjiang River, 
27°50'14.16"N, 98°19'54.2"E, 1470 m as.l., 411.2023, 
Xuhongyi Zheng leg. Paratypes: 1 male adult, 2 male 
pupae, same locality and data as holotype; 1 female adult 
dissected from a pupa, Yunnan Province, Nujiang Lisu 
Autonomous Prefecture, Fugong County, 26°57'17.32"N, 
98°52'3.04"E, 1265 m a.s.l., 3. VII. 2022, leg. Xuhongyi 
Zheng, Zhenxing Ma, Zhiteng Chen & Pengxu Mu. 

Diagnosis. Male adults of Deuterophlebia pachychaeta 
sp. nov. can be identified by their head shape and 


chaetotaxy of antennae (Fig. 6A, C). Following the keys 
of Courtney (1994) and Zheng et al. (2022), males of this 
species, which are similar to D. mirabilis Edwards, 1922, 
D. blepharis Courtney, 1994 and D. sinensis Zheng et al., 
2022, can be separated from other Asian species by their 
relatively long antennae (longer than 8.0 mm), and post- 
gena covered with microtrichia (Fig. 6B). Chaetotaxy on 
flagellomeres can be used to differentiate those four sim- 
ilar species: in the new species, there were ca. 8—10 dig- 
itiform setae on each of flagellomeres I-III (Fig. 6A, C) 
(Courtney 1990, 1994; Zheng et al. 2022). 

Female adults of D. pachychaeta sp. nov. can be rec- 
ognized through a combination of the smooth median 
clypeal lobe, chaetotaxy of antennae, and shape of flagel- 
la (Fig. 7A). Its smooth and convex median clypeal lobe 
is similar to D. mirabilis Edwards, 1922, D. blepharis 
Courtney, 1994, D. sinensis Zheng et al., 2022, D. yunna- 
nensis Zheng et al., 2022 and D. wuyiensis Zheng et al., 
2022, but can be differentiated from them by its antenna: 
flagellomeres I-IV bearing ca. 2, 4, 10 and 2 digitiform 
setae respectively, flagellomere IV with additionally 4 
sharp setae; antennal ratio = 7.0: 4.0: 10.0: 5.0: 5.0: 4.0 
(Fig. 7A) (Courtney 1990, 1994; Zheng et al. 2022). 

Pupae can be identified by their mesothoracic spines: 
there are two spines on each side, expanded basally 
(Fig. 9A, B). Compared with the 15 species with a clear 
pupal stage (Courtney 1990, 1994; Zheng et al. 2022), 
only D. acutirhina Zheng et al., 2022 has similar basally 
expanded spines, but less expanded than in the new spe- 
cies. They can also be distinguished by the absence of 
abdominal dots (Zheng et al. 2022). 

Etymology. The specific epithet “pachychaeta” is a 
combination of the words pachy and chaeta, which refers 
to its thickened spines on pupal mesothorax. 

Distribution. China (Yunnan Province). 
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Keys to Asian Deuterophlebia 
Key to male adults 


Modified from the key by Zheng et al. 2022. Among the 15 Asian species, D. tvosenensis and D. wuyiensis are not 
included since male adults of them remain unknown. 


1 Antennal length 7 mm or less, length of flagellomere IV approximately 3x the body length .................ccceeceeeeeeeeeeeeeeees 2 
— Antennal length 8 mm or more, length of flagellomere IV approximately 4x the body length.................c:cccceeeeeeeeeeeeeees é 
2 MSL ar NS ah NSIS COMMON: 2... Fats eacsse utdonath sheon « Ae Wocnira Remit iil doBeR caemoceesc teruetaurecc dite « Muon hdabes deni cunccdse dee TURE aee RR adie RS 5 D. oporina 
— Median chypreatl lobe iiGiStiviGk fee ie oy, leche sass eas oe neste oi ela tales ee ata at Reagan cats ddeatlmrae srteeae pew nee te Ss 
3 Flageliomenc: Ihuiihinore thiaitls.LO;ciotitorimn; Seta... 5; 24 Meets) cog hobt tet 2a Sd ete 54s dhebse bis Miacdaed nachos baghie "ae Mdvasen Saas onde D. alata 
_ Flagellomere | with fewer than 10 digitiform Setae ...............cccccccc ccc eceeneceeneceesececeeueseeueeeedecesueueeesueseeueanaueas D. brachyrhina 
4 Dorsallplake-with Out Ses SAT Mle I Acceso occas Gyaiste tacnvet a ceemaen s eweceanye cetseee oem meses Meuiade Seeaeaa demgen seta naga Bae D, pseudopoda sp. nov. 
— Bersall Dlabeswithi-aiieeieneclet s:. 39s trate tikes e hye ie AEA tes dh LOE RS El eecatee gh dMe enh eeocdoed 5 
5 Mid-tibiae-dorsallyolabrousyait- TG TOpi cc fluted sarod elles th <Wiuelpe adensplelanpenten Slasite ae dele Th oalgtron saldl ot Wualifeallernaplaensbe tilaalle tees sh D. acutirhina 
— Nilet bic cAnihivea pita te Sela Cea F OMIT OD si ledteciqa doa Mace drag ee Ualeutesedely Aten Re coy wl atleseiqci Rahat heey oh Aihhelea el Aeanath Meme cee aihlachcals Obes Beem ont 6 
6 POStCemaa Wit OniiilCh® UsiChikat te: yee Jee Ra YO RRO ir eR coe ee hood. A OE he OR ed Vetta eR ase Stet J. 
- Pesisenaielab rouse be s55.06 ced suns oped O.Gh crorememewus he A9-bhit An soueruune ead. Ch karporemenee hs adome ken secuiche pr take tut Ay dernemmecwy phe IAS ok 10 
7 Compound 6yes with microtrichtasbetweelt OnMatias . csd2 execs seeadeas nee cbads ceewave shots casa yf edsddvandw shige idaees ded cia D. blepharis 
— COMmPOUNESyESt SAO POUS 141 ciccr:ebbhyat pn copanitstac Ul abh ha bntateae diy Addin bh A mae ootn'd odds Uobh) Pintle tact Aa deliybh as batman d cadet bbe hata, 8 
8 8-10 digitiform setae on each of flagellomeres I-III ............ccccec ccc cc sce ee ese eceeeeeeeaeeesueeneusueeeeusaueneas D. pachychaeta sp. nov. 
— Flageliomerc Al Miowithiles's Than Giteretor nar SOLAS. 5.4. sre cask spotatkscer attelet. sda les ciettennins se clad SU Lahti totaal deat st cdelns bn daatingereeatecle baste 9 
9 ES pe US CUM ANIL I ATRL BEAL AICEA syste tcpeestene abe tceca te tekee vs tac tnge es soos agar e geo Feel tea otter, tc Patines eee ee sige watt eters eed aeltel Petcare of ape oe D. mirabilis 
— ete OTE IAN Oley nanan. def aa the acct aadee vantbecke ctucmuiaaationied hie att cea ccd mem cane, Phen t l, Lame apman sree I i ea cee! D. sinensis 
10 Flagellomere | with more than 10 digitiform Setae................cccccceccececeeteseeeeceeaeeeseeseseeassaeaesaseeaes D. sajanica, D. bicarinata 
~ Flagellomiere swithehO ar fewer cig itirormimnSetaes S 2.-99.0 4 dew sil hla deg gece ag breaded A vquiulau br aaabandde ects «geome vas ane Repailsens ube 
lity “Hind-tibrae-eovered-with- sharp: setae ondorsal Maree, 2.:c429 se «20 $262 5c Eo oscase Paacee dete 8saa nde Kw SiGe ESS D. yunnanensis 
- Hind -tiiiderclabrous:o tice orsal, Manele 1.22 secu sev kf dete o aetna amie A FASEL aH ENR de ced dba sa Thee) ales sd SEE, D. nipponica 
Key to pupae 


Modified from the key by Zheng et al. 2022. Contains nine known species with previously described pupal stage and 
two new species from this work. 


i Mesothioraxc WithslateraltOuULoROWLINS 52 cs 5 veas Bay sacs bose acs bPassdiecn cal eared 20 neta doaniti beta adee efiddaddnaandy vate a5 boa ieee D. alata 
_ Meseine ra xeusitnout larierell UNS TOWERS: mud .c4deu bb hee are tees od sas upbh ehh eae moe (AA eb ear ge mts seddes Ueber cele od ddes bbb Bie a 2 
2 Abdominal tergites VI-VII with posterolateral ProjeCtiOns ...........cccccccc cence eee eeeeeeneeeeeeaeeeeneeeeneeeeeenes D, pseudopoda sp. nov. 
— Abdominal tergites VI-VI] without posterolateral Projections ..............cccccccec ccc cenececeeuececaeeeegeceeucuecusueeesasaesusaeaeseeaesananags 3 
3 Mesothoraxenithourspines ON anterolateral Marlin sp nacecar sans smaatedent veangencidennssasascn « snana ntl totes wince cel walnigeasiomene ss D. nipponica 
— Mesothorax-Wwithrspmines-orr anterolateral Mla POW sane. Sasiernts Bos vated a Ree oarchave cine Based Bes cheweecds RS id hs sacha adance aces 4 
4 Mesotheraxwithsene-palr Of SPINES GI ahtSKola teal TAPS Ws ccs cccss. betatte wee cien-« Paptnee nent hdlenbti men tcll eatsem vorece tree lethipuse «'emgaiers astra dats 5 
— Mesothoraxcwith two ‘pairs: ofespines on: anterolateralCiar cari sohacd he on enege dees IE ppecciennen eg gaeat led gfge noone ested A fpyneeenele 6 
5 Abcominalmtersites witht Clark Daniel Stems a: atttass Schou shaves a Mints) ae Seto an ctylead Meta eoeetytede Mata! aici bbe eae abe sted D. bicarinata 
- Abdominalstersitesawithoutedark Damnd sy se. crest se. seven ctor cots oosnt lang ehas donde Aid 55h Iaa be dome ceds Goons D. sajanica, D. yunnanensis 
6 ASCOAM ARE rSbS Si Mh eC ACI ANCL Seas gece c eenccaet Gaus ce cneeee seem alos ghee cherie eenpaat seastach saint lets doops Saari amope wea D. wuyiensis 
_ Ab Cem ina lever Stes sKreIGUse Glan kay AM Se ctl LA tek etek eddtah Siduinta. altel dh thbuh yh he tediornd Cth tillin ck Me hence RARE ER AS Ae 7 
7 Abdominal tersites witha: Balm e#t, Taree sa Ks OTS aiel Ne cic clif tee antscsmeecdu Nilsate ds dda ll dation satel of chlt dere pplelaecdke nelenie doodle tae D. acutirhina 
— Abdominalstergites withourebyreused areer Cat CROTS S, xxe 52.08 csnciceicls Cogn adhstegsse om ak ateleoleladetertaastey Myre ste aseniagell de anad peed ce ow ahctbtan deena aan Be 8 
8 WeSsolhoraciesipinestexpa nce Das aly x. 0d Pees Wash ce PAN eke RN Read tear Sti te PA D. pachychaeta sp. nov. 
- Mesothoracic spines. notexpandedh basally. sciaeetcte sapncesiag dose cnewel pe sede. Eki epesememaep hs Lado han commun pp cad bid wonemeeur pee ladel it 9 
9 Gilis-withrelongated DOSTCRIOF THAMTOMIS 52.5 ach cche eats «kee teastd -eeaaws Sbete. Hi bin Bake ddacheebots acd sab Peastdteeey Soendes dete ees Se D. sinensis 
— GHllSewich tne SHINE POSSE MON DN GIMNE TUS a gcce4) eth med ee del Ane mpeg dae abba bine Bute adeeb ee nce ene ts D, tyosenensis 
Molecular study with the other five Chinese species. One female adult, 


one male adult and one pupa were sequenced for each 
We sequenced a fragment of the COI gene of the two species, since the intraspecific distances are under 
new species in this study and analyzed them together 0.01, we submit only one sequence of male adult for 
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Table 2. Values of K2P genetic distance among the DNA barcodes (COI). 


Values D. sinensis D. yunnanensis D. alatus D. acutirhina D. wuyiensis _D. pseudopoda sp. nov. 
D. yunnanensis 0.086 
D. alatus 0.154 0.164 
D. acutirhina 0.154 0.159 0.148 
D. wuyiensis 0.175 0.167 0.156 OTS 
D. pseudopoda sp. nov. 0.129 O27 0.154 0.158 0.154 
D. pachychaeta sp. nov. 0.118 0.091 0.160 0.163 0.169 0.131 


each species with the collecting information same as 
for the holotype. 

Interspecific genetic distances are 0.086—0.175 
(Table 2). Two of them are under 0.10, one is between 
D. sinensis and D. yunnanensis, the other is between 
D. pachychaeta and D. yunnanensis. Morphologically, 
male adults of the three species share several common 
characters, including relatively long antennae (longer 
than 8 mm), similar models of head (flattened and near- 
ly trapezoidal, median clypeal lobe slightly convex) and 
terminalia (relatively slender, dorsal plate with a median 
cleft). Pupae and female adults of the three species also 
show similarity, as mentioned above and in Zheng et al. 
2022. As a result, we consider them as closely related 
species, possibly belonging to the same clade, which may 
also contain D. mirabilis. A reliable phylogenetic tree re- 
constructed by more specimens and molecular data may 
provide support for this hypothesis. 


Biological notes 


Specimens were collected from Dulong River, in the dry 
season, water was ca. 20 m wide and 2—3 m deep, unshad- 
ed, containing stones of various sizes (Fig. 10). Water 
temperature was lower than 10 °C. All pupae and adults 
of these two new species were collected at the same local- 
ity. Pupae were collected in torrent areas where the water 
depth was ca. 0.4 m and we could hardly stand (Fig. 10). 
Pupae were tightly attached to the stone surfaces with 
their abdominal discs. Dead adults were found floating 
near the river bank. These biological aspects are similar 
to other known Deuterophlebia species. 


Discussion 


The two new species in this study enrich the Chinese di- 
versity of Deuterophlebiidae, making China the area with 
the most Deuterophlebia species. At present, China holds 
half of the Asian species, including seven only reported 
from China and D. mirabilis, the type species of the ge- 
nus that has been collected from Xinjiang Province in the 
last century (Brodsky 1930; Courtney 1994). 
Morphologically, Deuterophlebia pseudopoda sp. nov. 
has more apomorphies than D. pachychaeta sp. nov. Both 
shapes of genitalia (stout, length of gonostylus subequal 
to the gonocoxite and dorsal plate, dorsal plate without 
median cleft) and head (nearly trapezoidal, without pro- 
truded corners near eyes, median clypeal lobe slightly 


Figure 10. Habitat stream of D. pseudopoda sp. nov. and D. 
pachychaeta sp. nov. 


convex) of D. pseudopoda sp. nov. are unique among 
Deuterophlebia members (Fig. 2A, G). Its pupae have a 
prominent autapomorphy: the posterolateral projections 
on abdominal segments VI-VII (Fig. 5C). Through ex- 
tensive examination and comparison in recent years, 
we found that the pupal stage is the easiest for species 
identification, although most species have a male adult 
as holotype. All seven Chinese species have their pupal 
structures described. 

In an overview of the distribution map of Deutero- 
phlebiidae (Fig. 11, modified from Courtney 1994 and 
Zheng et al. 2022), a Himalayan bias can be easily iden- 
tified. Taking into account the biogeography, the Du- 
longjiang area (the type locality of the two new species) 
can be considered as part of the Himalayas (Zhu and 
Yan 2002). Thus, at least six species can be found in 
the Himalayas, including D. mirabilis, D. blepharis, D. 
brachyrhina, D. oporina (Courtney 1994; Zheng et al. 
2022), and the two new species in this study. In addi- 
tion, D. brachyrhina and D. oporina, which are consid- 
ered sister to the remaining Deuterophlebidae species, 
also have their distributions restricted to the Himalayas 
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Figure 11. Distribution of Asian Deuterophlebia spp. 


(Courtney 1994). This could indicate a Himalayan ori- 
gin of the genus and family. 

However, there are two issues with this hypothesis. 
One is that the formation of the Himalayas was much lat- 
er than the origin of early dipteran members. The former 
event happened about 50 million years ago, but the fos- 
sils of early flies can already be found in Cretaceous am- 
bers (about 100 million years ago) (Borkent and Grimaldi 
2004; Poinar 2019). The emergence of Deuterophlebiidae, 
which is possibly the earliest extant fly lineage, can be 
traced back to the Triassic period (Wiegmann et al. 2011; 
Zhang et al. 2022). Additionally, the absence of species 
in Europe remains unexplained. In contrast, the Nearctic 
realm, which is much farther to the Himalayas than to Eu- 
rope, hosts six species (Courtney 1994; Zheng et al. 2022). 

In conclusion, the possibility of a Himalayan origin is 
low. At the present time, the only thing we can be sure of 
is that the Himalayas and its surroundings are one of the 
speciation centers of Deuterophlebia because it harbors 
the highest diversity and the most plesiomorphic species 
of the genus. Western North America with six species is 
another center (Courtney 1990, 1994). A plausible expla- 
nation of the Himalayan diversity of Deuterophlebia is 
the unique geography here. Those rapidly raised moun- 
tains and distinct climates created abundant streams and 
diverse habitats, coupled with the geographical barriers 
of the mountains and habitat changes, possibly accelerat- 
ed the speciation of Himalayan mountain midges. 
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